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Understanding the Transcarboxylation Reaction performed by
Acetyl CoA Carboxylase
Ana Pascual-Garrigos, Trevor Boram, Lee Stunkard, and Jeremy Lohman
Department of Biochemistry, Purdue University, West Lafayette IN
Acetyl CoenzymeA Carboxylase (ACC)
ACC catalyzes the committed step in fatty acid
biosynthesis, which is essential for life. The enzyme in E.
coli is a biotin-dependent dimer that has four subunits to
carry out two catalytic steps, which concludes with the
carboxylation of acetyl-CoA to malonyl-CoA. This reaction
is catalyzed by the Carboxyl Transferase (CT) domain
(pictured below).

Overlay of ACC CT D and P. shermanii Transcarboxylase
does not eludicate carboxylation mechanism

Scheme: Synthesis of methylmalonyl-S-CoA mimics

Transcarboxylase, an enzyme that transfers a carboxyl group
from carboxy-biotin to propionyl CoA to form methylmalonyl
CoA has a similar structure to the ACC CT. A co-crystal structure
of Transcarboxylase with methylmalonyl CoA overlaid with ACC
CT has mm-CoA bound in a non catalytically relevant
orientation. This structure also has a very open active site,
which appears to have space for the BCCP protein to bind, which
may provide missing interactions required for this reaction to
occur.

Crystallization of Acetyl CoA Carboxylase
The ACC Carboxyl Transferase reaction is not
well understood
A biotin molecule undergoes carboxylation in the biotin
carboxylase (BC) domain of ACC. It is translocated to the
CT subunit by the biotin carboxyl carrier protein (BCCP), to
be used for the corresponding reaction. The carboxyl
group is removed from the biotin and added to the acetyl
CoA using one of the following mechanistic pathways. The
first mechanism is adapted from Knowles [1]. The latter is
our hypothesis, adapted from Cronan [2], proposing that a
basic amino acid deprotonates acetyl CoA, and the
remaining enolate removes the carboxyl group from
biotin.

We have set up crystal trials with 1,152 wells, each with
varying solvent conditions. The crystals shown have the
amine/sulfonic acid substrate mimic (7) bound.

Malonyl CoA mimics
Our lab has synthesized various malonyl CoA mimics that are
less susceptible to hydrolysis at the thioester group and
decarboxylation. Using the principle of microscopic reversibility,
we may study the ACC CT reaction by capturing a malonyl mimic
in the enzyme active site of a protein crystal. Capturing this may
provide more insight into drug design by allowing for better
understanding of the enzyme conformation when bound to
substrate. These molecules can also serve as competitive
inhibitors for the same enzyme in plants, giving them useful
herbicide properties.

Future Work
• Scale up successful crystal trials and loop
• Obtain crystal structure with analog of substrate in the
active site using x-ray crystallography
• Examine the conformation of the substrate analog in
the CT active site
• Continue to explore carboxylation/decarboxylation
reactions in other enzymes
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